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(54) Catalyst component for producing polyolef in, catalyst for producing polyolef in comprising 
the catalyst component, and process for producing polyolef in in the presence of the catalyst 

(57) A catalyst component for producing polyolef in, a catalyst for producing polyolefin using the catalyst component, 
and a process for producing polyolefin in the presence o1 the catalyst The catalyst component comprises a metallocene 
compound represented by formula (1): 
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All the symbols in formula (1) are defined in the description. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a catalyst component for producing polyoletin, a catalyst for producing polyolefin 
comprising the catalyst component, and a process for producing polyoletin in the presence of the catalyst More partic- 
ularly, the present invention relates to a catalyst component capable of selectively polymerizing (1) an ethylene polymer 
having a high melt tension, (2) an ethylenic copolymer having a uniform comonomer distribution and (3) a polyfa-olefin) 
elastomer, particularly polypropylene elastomer and polymer containing it depending on the kind of olef in to be polym- 

io erized, a catalyst comprising the catalyst component, and a process for producing polyolefin in the presence of the 
catalyst component 

The polymer obtained according to the present invention can be widely used in many fields, including automobile 
industry, appliance industry, building industry and civil engineering and construction industry. 

is BACKGROUND OF THE INVENTION 

(1) Ethylenic polymer 

It is known that an ethylenic polymer needs to have an enhanced melt tension (MT) to enhance its moldability. To 

20 this end, studies have been made of the enhancement of the melt tension of an ethylenic polymer obtained by polym- 
erization in the presence of a Ziegler type titanium catalyst or Phillips type chromium catalyst. For example, a method 
for the improvement of an ethylenic polymer obtained by polymerization in the presence of a Ziegler type catalyst which 
comprises the enhancement of its melt tension is disclosed in JP-A-56-90810 and JP-A-60-106806 CThe term "JP-A" 
as used herein means an "unexamined published Japanese patent application"). Although an ethylenic polymer obtained 

25 by polymerization in the presence of a Ziegler type catalyst or Phillips type catalyst can be improved in melt tension, it 
is disadvantageous in that it has a broad molecular weight distribution and hence a great content of low molecular weight 
components which can be extracted with hexane. causing fuming during forming. 

An ethylenic polymer obtained by polymerization in the presence of a metallocene catalyst system made of a met- 
allocene compound and methyl aluminoxane has a narrow molecular weight distribution and has a small content of low 

30 molecular weight components, causing less fuming during molding. However, such an ethylenic polymer obtained by 
polymerisation in the presence of a metallocene catalyst system is disadvantageous in that it exhibits a low melt tension 
and hence a poor moldability. 

In order to solve the foregoing problem, a method for improving the melt tension of polymers obtained by polymer- 
ization in the presence of a metallocene catalyst system has been studied. For example, JP-A-4-21 3306, JP-A-5-1 40224 

35 and JP-A-5-1 40225 disclose a method for producing an olefin polymer in the presence of a solid catalyst comprising a 
crosslinked metallocene compound having a specific structure and an organic aluminoxy compound. The use of such 
a polymerization method provides an improvement in the melt tension of the polymer (In the examples disclosed, when 
ethyl en ebisindenyl zirconium compounds are used as metallocene compounds, remarkable effects can be actually rec- 
ognized). However, the systems disclosed in these patents cannot provide polymers having a sufficient molecular weight. 

40 making it difficult to control the molecular weight of the resulting polymer by controlling the polymerization conditions 
such as hydrogen content. In particular, it is difficult to produce a polymer having a molecular weight as small as not 
more than 0.1 in MFR (melt flow rate, JIS K-6301) equivalence. Thus, this polymerization method can hardly be applied 
to multi-stage polymerization. Further, the polymer thus obtained has an insufficient molecular weight when used as a 
polyolefin modifier. - 

45 Further, JP-A-5-345793 discloses the polymerization of ethylene in the presence of a specific crosslinked indene- 
fluorene metallocene compound. However, the polymer thus produced disadvantageous^ has a low melt tension and 
a poor moldability as obtained by polymerization in the presence of the conventional metallocene compounds. 

Thus, a method has been desired for producing a high molecular weight ethylenic polymer having a high melt tension. 

so (2) Ethylenic copolymer 

With respect to an ethylenic copolymers, it is known that the molecular weight of the polymer and the comonomer 
composition distribution in the polymer chain are important factors influencing the properties of the polymer. In particular, 
high molecular weight components having a uniform comonomer distribution has a great effect on the improvement in 
55 the final properties (e.g., ESCR, rigidity, impact resistance) of the product (JP-B-61-43378, Macromol. Chem.. Macromol. 
Svmo.. vol.41, p.55 (1991), J. Polvm. Sci. . Part B, vol.29, p.129 (1991)). (The term "JP-B" as used herein means an 
"examined Japanese patent publication") In general, an ethylenic copolymer produced by polymerization in the presence 
of a Ziegler-Natta catalyst can maintain its properties because of the presence of such a high molecular component. 
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However the comonomer composition distribution in the polymer chein is block-like, giving polymer with a higher deoree 
of crystallization that adversely affects the final product. * 

dfetrh*™ Ifif nie ! alloce " e ca,a ' yst s ! retem P rovides a remarkable improvement in the uniformity of the comonomer 
SS i^ C , -^T ,h8 USe ° f 3 zirconoc «"^yl aluminoxane catalyst system which has 
12hT T? P 1 Pf0V,de 8 P °' ymer a ^i 6 " 1 molecular wei 9 ht - An a « e ™Pt «° "cr ease the molecular 

*innt«hl^l ^ ? h ' JP -, A - 5 ' 148317 ' etc - H °*ever, metallocene catalyst systems disclosed thereinleave some- 
high molecular weight component tor improving the foregoing final properties of the product 

'' a *^ Me " e catal ^ 080 be P^ed that enables the production of a polymer with a higher molecular 
ZSllu? " U ^ " *" C ° m0nOmer °° nvosi,ion disWbu «° n in tne P 0 '*™' chain, it is of great 

(3) Polypropylene elastomer 
(pojpr^ 

US Patent 4.335,225. MaOTmolWlllPS vol.22, p.3851 (1989), isM. vol.22, p.3858 (1989) J. Polvm. Sri P art A- 

r 2 \ p ^';i 9W) ' Jp - B -*- 2 ^^ 

^!H^ C . 9 ' Ve 3 i9h m ° leC r lar W6i9ht ataCti ° corT, P°" ert in »• component extracted with diethyl ether and thus 
rJ!, St ° me ? C pr °Pf However ' the ^tem disclosed therein is a catalyst system having a problem 

in that an alkyl complex of Ti or Zr supported on alumina has a remarkably low activity 

^JT*? yeSr !: methodshave been re P° rted for *e polymerization of propylene in the presence of a metallocene 
catalyst system which comprise direct polymerization to produce a polypropylene elastomer. The elastomer obtained 
by polymenzaton in the presence of this catalyst requires no separation process. Chien et al. obtained a thermoplastic 
elastomer by the polymerization of propylene in the presence of a crosslinked indene-cyclopentanediene metallocene 
compound (Brfcsh Patent 2241244. J, Am, Qhem, Son , vol.1 12, p.2030 (1990), MuJLJL* voL24 P !So JST 
J,Am.Chem.Roc . vol.1 13. p.8569 (1991). Macromoleoules vol.25. p.74O0 (1992). ibid, vol.25, p.1242 (1992) J. Polvm.' 
Sc^faML vol.30, p.2601 (1992)). Waymouth et al. obtained a thermoplastic elastomer polypropylene by thepoE 

InST Ti* dlsadvanta 9 eous in tha « « P°'y™r having a sufficient molecular weight cannot be obtained at a 
practically effective polymerization temperature. It is known that the elastomeric properties are associated with the pri- 
mary aructure and molecular weight of the polymer. The foregoing metallocene catalyst systems which cannot provide 
a sufficient molecular weight impose a remarkable restriction on the properties of the polymer 

A polymenzaton method is disclosed for producing a substantially amorphous high molecular weight atactic poly- 
propylene in the presence of a crosslinked bisHluorene metallocene compound (JP-A-6-234813 JP-A-6-256369) or 
rZ^ ° Pen,an ^ ien) "u GOmpteX < WO95/00562 ) " te a>so reported that the atactic po.ypropy.ene thus obtained has 
hL™ C T' H ° W8 ? r ' ,h8 POlymer thuS ob,ained ^advantageously exhibits a small tensile strength and 
hence poor propert.es as an elastomer. Thus, the foregoing method can hardly control the polymer properties by con- 
trolling the polymerization conditions. 

J™7 reSPeCt t ° c :, osslinked indene-fluorene metallocene compounds, a metallocene compound having unsubsti- 
SUMMARY OF THE INVFNTmN| 

nr JtlUZZ? °L e T *}** ° f thS Presem inven,ion t0 provide a metallocene catalyst system capable of selectively 
h!S° 9 S' 3 9 m ° ,eCU,ar ethy,6niC P ° ,ymer havin9 9 hioh melt ,ension - a moTcula^thylenic SpTynS 
tomerand polymer containing it. depending on the kind of olefin to be polymerized 

« am ' me , fo 1 re ? 0in9 . ,tep ° lym9S are keenly desirable in ,he » fhese polymers can be produced by using the 

ahTohol^/^ 

po-Se^^ 

Other objects and effects of the present invention will be apparent from the following description 

cJ^ZtZZT ^ ? S ? UC ' eS °" ,hS ' 0re90in9 pr0blems - As a result - » «« *a1 among 
crosslinked metaMocene compounds having indene ring and fluorene ring a metallocene compound having specific 
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» 

substituents can be an extremely excellent catalyst component that provides the solution to the foregoing problems. 
Thus, the present invention has been completed. 

The present invention relates to, as a first aspect a catalyst component for producing polyolef in. the catalyst com- 
ponent comprising a metailocane compound represented by formula (1): 




wherein 

M 1 represents a transition metal atom selected from Ti, Zr, and Hf; 

X 1 and X2 may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 carbon atoms which may contain a halogen atom, an OR group, an SR group, an OCOR 
group, an S0 2 R group, an OS0 2 R group, or an NRR' group, in which R and R* may be the same or Different and each 
represent a hydrogen atom or a hydrocarbon group having from 1 to 7 carbon atoms which may contain a halogen atom; 

R 1 and R 2 may be the same or different and each represent a hydrogen atom, a hydrocarbon group having from 
1 to 20 carbon atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocarbon group 
having from 1 to 7 carbon atoms which may contain a halogen atom, R 1 and R 2 may be connected to each other to form 
a ring; 

R3 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain a silicon atom; 

R 4 represents a hydrocarbon group having from 1 to 20 carbon atoms which may contain a silicon atom; 

R5 to R 15 may be the same or different and each represent a hydrogen atom or a hydrocarbon group having from 
1 to 20 carbon atoms which may contain a silicon atom, R 5 to R 1 5 may be connected to each other to form a ring; 

Y 1 represents a carbon atom, a silicon atom, or a germanium atom; and 

n represents an integer of from 1 to 3. 
In a preferred embodiments of the first embodiment of the present invention, R3 represents a methyl group or an 
ethyl group; and R 4 represents a methyl group, an ethyl group, an n-propyl group, an i-propyl group, or an aryl group 
having from 6 to 20 carbon atoms, or 

R3 represents a methyl group or an ethyl group; R 4 represents a phenyl group or a 1-naphthyl group; R 5 to R 15 
each represent a hydrogen atom; and n is 1 . 

The present invention also relates to. as a second aspect, a catalyst for producing polyolef in, the catalyst comprising: 

(A) the above catalyst component of the first aspect ol the present invention; 

(B) a Lewis acid compound; and 

(C) an organoaluminum compound. 



In a preferred embodiment for the second aspect, the catalyst further comprises (D) a particulate carrier. 
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The present invention further relates to, as a third aspect, a process for producing a polyolefin, the process com- 
prising the step of homopolymerizing ethylene or copolymerizing ethylene and at least one of olefin represented by 
formula (2): 7 



F06 - CH = CH - R17 



(2) 



wherein R1 a and R 17 may be the same or different and each represents a hydrogen atom or a hydrocarbon group having 
from 1 to 14 carbon atoms other than ethylene, rib and R" may be connected to each other to form a ring, 
in the presence of the polyolefin production catalyst of the second aspect of the present invention. 
The present invention further relates to, as a fourth aspect, a process for producing a polyolefin, said process com- 
prising the step of polymerizing one of olefin represented by formula (2) or copolymerizing two or more of olefins rep- 
resented by formula (2), in the presence of a catalyst comprising: 

(A) the above catalyst component of the first aspect of the present invention; 

(B) a Lewis acid compound; and 

(C) an organoaluminum compound, or the catalyst comprising: 

(A-1 ) the above catalyst component of the first aspect of the present invention; 

(A-2) an auxiliary metallocene compound for the polymerization of a crystalline polyolefin; 

(B) a Lewis acid compound; and 

(C) an organoaluminum compound. 

In a preferred embodiment for the fourth aspect, the catalyst further comprises (D) a particulate carrier. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the relationship between the melt tension (MT) and the melt flow rate (MFR) of ethylenic polymers in 
Examples and Comparative Examples. 

Fig. 2 shows the 13C-NMR spectrum in the methyl region of the polypropylene produced under the conditions of 
Example 18. 

Fig. 3 shows the 13 C-NMR spectrum in the methyl region of the polypropylene produced under the conditions of 
Example 22. 

Rg. 4 shows the stress-stain curve of polypropylene produced under the conditions of Example 1 8. 
Fig. 5 shows the stress-stain curve of polypropylene produced under the conditions of Example 22. 

DETAILED DESCRIPTION OF THE INVENTION 

The process for producing apolyolef in in the presence of a catalystfor producing a polyolefin (hereinafter sometimes 
referred to as olefin polymerization catalyst) according to the present invention will be further described hereinafter. 

The novel metallocene compound which is a first catalyst component in the polymerization process of the present 
invention is represented by formula (1). Formula (1) will be further described hereinafter. 

R3 represents a hydrocarbon group which may contain a silicon atom. Specific examples of such a C^ hydro- 
carbon group include an alkyl group such as methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl. n-pentyl and 
cydopentyl; and an alkylsilyl group such as trimethylsilyl. R3 is preferably selected from the group consisting of methyl 
ethyl, n-propyl and i-propyl. 

The expressions "Ci_ 5 " and the like used herein means "having from 1 to 5 carbon atoms" and the like 

R4 represents a C,^ hydrocarbon group which may contain a silicon atom. Specific examples of such a C, o 0 
hydrocarbon group include an alkyl group such as methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, n-pentyl, 
cydopentyl, cyclohexyl, octyl, nonyl and adamantyl, alkenyl group such as vinyl and propenyl; an aryl group such as 
phenyl, tollyl, 2,6-dimethylphenyl, 2,4,6-trimethylphenyl, naphthyl and anthracenyl; an arylalkyl group such as benzyl 
phenylmethyl, diphenylmethyl, triphenyi methyl and phenylethyl; an alkylsilyl group such as methylsilyl, dimethylsilyl and 
trimethylsilyl; and a silylalkyl group such as tris(trimethylsilyl) methyl. Preferred among these hydrocarbon groups is one 
having a pnmary or secondary carbon atom at the a-position, such as an alkyl group (e.g., methyl, ethyl n-propyl 
propyl, n-butyl, .-butyl) and an aryl group (e.g., phenyl, tollyl, 2,6-dimethylphenyl, 2,4,6-trimethylphenyl, naphthyl, anthra- 
cenyl) Particularly preferred among these hydrocarbon groups is an alkyl group such as methyl, ethyl and i-propyl and 
an aryl group such as phenyl and 1 -naphthyl. 

In the metallocene compound represented by formula (1) of the present invention, it is important that both R3 and 
are not a Wrogen atom and the indene ring has a hydrogen atom at the 3-position. If R3 and R4 are a hydrogen 
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atom at the same time or the indene ring has no hydrogen atom at the 3-position, the effects of the present invention 
cannot be exerted. 

R5 to R 15 may be the same or different and each represent a hydrogen atom or a Cuw hydrocarbon group which 
may contain a silicon atom. In other words. R 5 to R 15 each represent a hydrogen atom or has the same meaning as R4. 

5 R5 to R 1 5 may be connected to each other to form a ring. In particular, neighboring groups are preferably connected to 
each other to form an aromatic 6-membered ring. For example, it is preferred that, in formula (1). the indene ring is 4,5- 
benzoindene, 5,6-benzoindene or 6,7-benzoindene. and the fluorene ring is 1 ,2-bertzof luorene, 2,3-bertzofluorene. 3,4- 
benzofluorene. 5,6-benzofluorene. 6,7-benzofluorene, 7,8-benzoftuorene. 3, 4,5,6-dfoenzof luorene or 4.5-methyl- 
enephenanthrene. The indene ring is particularty preferably 4,5-benzotndene. 

w X 1 and X 2 may be the same or different and each represent a hydrogen atom, halogen atom. C1-20 hydrocarbon, 
group which may contain a halogen atom, an OR group, an SR group, an OCOR group, an SO2R group, an OS0 2 R 
group, or an NRR' group (in which R and R* may be the same or different and each represent a hydrogen atom or a Ci_ 7 
hydrocarbon group which may contain a halogen atom). For example, the halogen atom represents fluorine, chlorine, 
bromine or iodine. The Cun hydrocarbon group which may contain halogen atom may represent an aikyl group such 

15 as methyl, ethyl, n-propyl, i-propyl. n-butyl. i-butyl. t-butyl, n-pentyl. cyclopentyt and cyclohexyl; an alkenyl group such 
as vinyl and propenyi; an aryl group such as phenyl, tollyl, 2,6-dimettiytphenyl and 2,4,6-trimethylphenyl; an arylalkyl 
group such as benzyl, phenylmethyl, diphenytmethyl, triphenylmethyl and phenylethyl; a halogenated alkyl group such 
as trifluoromethyl; or a halogenated aryl group such as pentafluorophenyi. The OR group may represent a hydroxy! 
group; an alknxy group such as methoxy, ethoxy, propoxy and butoxy; or an aryloxy group such as phenoxy. The SR 

20 group may represent a mercapto group; an alkytthio group such as methylthio; or an aryHhio group such as phenylthio. 
The OCOR group may represent a carboxyl group or an alkoxycarbonyl group such as methoxycarbonyl. The S0 2 R 
group may represent a sulfino group; an alkytsutfino group such as methylsufflno; or an arylsulfino group such as phe- 
nylsulf ino. The 0S0 2 R group may represent a sulfo group; an alkylsuKo group such as methylsutfo; or an arytsuHo group 
such as phenytsulfo and p-toluenesuffb. The NRR* group may represent an amino group; an aikylamino group such as 

25 methylamino. dimethylamino, diethylamino and dibutylamino; or an arylamino group such as phenylamino. X1 and X 2 
are preferably selected from a halogen atom and an alkyl group such as methyl. 

Ri and R 2 may be the same or different and each represent a hydrogen atom, a C^20 hydrocarbon group, an OR 
group or an S R group (in which R represents a hydrogen atom or a Cu 7 hydrocarbon group which may contain a halogen 
atom). R 1 and R 2 may be connected to each other to form a ring. For example, the C U20 hydrocarbon group may 

30 represent an alkyl group such as methyl, ethyl, n-propyl. i-propyl, n-butyl, i-butyl, t-butyl, n-pentyl, cyclopentyt and 
cyclohexyl; an alkenyl group such as vinyl and propenyi; an aryl group such as phenyl, tollyl, 2,6-dimethylphenyl and 
2,4,6-trimethylphenyl; or an arylalkyl group such as benzyl, phenylmethyl, diphenylmethyl, triphenylmethyl and phenyle- 
thyl. The OR group may represent a hydroxylgroup; an alkoxy group such as methoxy, ethoxy, propoxy and butoxy; or 
an aryloxy group such as phenoxy. The SR group may represent a mercapto group; an alkytthio group such as methylthio; 

35 or an arylthio group such as phenylthio. R 1 and R 2 are preferably selected from methyl, ethyl and phenyl. 
Yt represents a carbon atom, a silicon atom, or a germanium atom. 

In the crosslinking moiety represented by (R 1 -Y 1 -R2) n , n is preferably 1 . R 1 and R 2 may be connected to each other 

via Y 1 to form a ring, and for example, a 1 ,1 -cyclohexyl id ene ring is preferred. 
Examples of the metallocene compound of the present invention include: 
40 Me 2 Si[2-Me-4-(1-Naph)lnd](Flu)ZrCl2, 

Me2Si[2-Et-4-(1-Naph)lnd](Ru)ZrCI 2 , 

iPr[2-Me-4-(1-Naph)lnd](Flu)ZrCI 2 . 

Me2Si[2-Me-4-Phlndl(nu)ZrCl 2 , 

Me2Si[2-Et-4-Phlnd](Flu)2rCI 2 , 
45 iPrt2-Me-4-Phlnd](Flu)ZrCI 2l 

Me2Si[2-Me-4-iPrlnd](Ru)Zra 2 . 

Me2Si[2-Et-4-iPrlnd](Flu)ZrCI 2 , 

iPrt2-Me-4-iPrlnd](Flu)ZrCI 2t 

Me2Si[2-Me-4-Etlnd](Flu)ZrCI 2 , 
so iPr(2-Me-4-Etlnd](Flu)ZrCI 2 , 

MezSip^-MezindKFluJZrClz. 

iPr[2,4-Me 2 lnd](Ru)ZrCI 2 , 

Me^ip^.y-MeslndKFIuJZrClz, 

iPr[2,4,7-Me 3 lnd](Ru)ZrCI 2t 
55 Me 2 Si[2-Me-4,6HPr 2 lnd](Ru)ZrCI 2 . 

iPr[2-Me-4,6-iPr 2 lnd](Flu)ZrCI 2 , 

Me2Si[2-MeBenzind](Flu)ZrCI 2 . 

iPr[2-MeBenzind](Ru)ZrCI 2 . 

Me 2 Si[2-Me-4-(1-Naph)lnd](2 I 7-tBu 2 Ru)ZrCI 2( 
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iPr[2-Me-4.(1.Naph)lnd](2.7-tBu 2 Flu)2rCI 2 , 

MePhSi[2-Me-4-(1-Naph)lnd](nu)ZrCI 2l 

Ph 2 Si[2-Me-4-(1.Naph)lnd](Flu)ZrCI 2 . 

Me 2 Ge[2-Me-4-(1 -Naph) lnd](Ru)2rCI 2 , and 

the corresponding titanium and hafnium compounds. 

Particularty preferred among these metallocene compounds are 
Me2$i[2-Me-4-(1 -Naph)lnd](Flu)ZrCI 2( 
iPr[2-Me-4-(1 -Naph)lnd) (Flu)ZrCI 2 , 
Me^ip-Me^-PhlndKHuJZrCk, and 
iPr[2-Me-4.Phlnd](Flu)ZrCI 2 . 

group tBu represents a t-butyl group, Ph represents a phenyl group, Naph represents a naphthyl group Ind represents 
an indenyl group Benzind represents a 4,5-benzoindenyl group, Flu represents a fluorenyl gro!p ii reSte a 

in fcHIIISS t S^ a,3 lnC * 00111,0 th ° P 0 * 1 " 0 " 01 «A»«tU€mt» on the i'ncflena rinQ and thef luorene rtn 0 In formula (1 ) are shomm 



20 



25 




(Rl-Y^M^ 



x- 



(5) 




X' 



45 



50 



there? fore9 °' n9 meta "° Cene com P° unds ° f Mention may be used singly or in combination of two or more 

hut th"™! X ! mple ? f th t Sy ^ he6i ! r ° U,e ° f ,h6 metallocene ""P™* of the present invention will be outlined below 
but the present invention should not be construed as being limited thereto 

, ^i h !i Ub !, ,i,Uted indene t0 be used 88 a material ' commercial products may be used. Alternatively such 
a substrtuted .ndene can be synthesized by a known method. An example o, *e synthesis method will be g Te7beTw 



55 
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The substituted indene can be synthesized in accordance with the synthesis method disclosed in Qrqanometallics, 
vol.13, p.954 (1994): 



5 



10 



15 




As the substituted fluorene ol formula (11). which is used as the other starting material, commercial products 
may be used. II necessary, the substituted fluorene can be synthesized by a known technique: 

25 



30 




(ii) 



An indenyl anion of formula (12): 



40 



45 




50 

wherein M 4 represents an alkaline metal atom such as lithium, sodium and potassium, can be obtained by deprotonizing 
the substituted indene (1 0) in a solvent in the presence of n-butyl lithium, sodium hydride, potassium hydride or a strong 
base such as metallic sodium and metallic potassium. 
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The indenyl anion (12) thus produced is then reacted with a compound of formula (13); 



n 



(13) 



SlTnK 8 Same Z£ 6rent ^ 6aCh repreS6nt 8 ha,0flen an 0R a " SR group, an 
2 R n » 0UP ; a " °~2 R * rou * or an NRR ' S^oup (in which R and ff each represent a hydrogen atom or a d 7 h^ro 
carbon group) to obtain a compound of formula (14): 1-7 l * are 



75 




25 



(K^ Y i_ R 2) n 



(14) 



30 



VI 'J? SUb5fra,e concen,ra,ion bel "9 ,r ° m 0.1 mol// to 10 mow. Preferred examples of he S 

Sm Tn «Th 5? 6 r6,n an 8lipha,iC W r ° cart ™ «* ^ pentene. hexane and heptane; an arama'c hX 

^e comfo^^T 0 and a " 6ther 6UCh 88 di6,hyl and tetrahydrofuran (THH. * 
me compound (14) thus produced and a fluorenyl anion of formula (1 5): 




R 12 R ll R 



(15) 



Ss + 



(M ) 



50 



55 
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from 1/0.5 to 1/50. particularly from 1/1 to 1/20 to obtain a compound oi formula (16): 



5 



10 



15 




(16) 



The reaction is effected at a temperature of from -78°C to 120°C, particularly from -20°C to 20"C, with the substrate 
concentration being from 0.1 mol// to 10 moltf. Preferred examples of the reaction solvent employable herein include 
25 an aliphatic hydrocarbon such as pentane, hexane and heptane; an aromatic hydrocarbon such as benzene and toluene; 
and an ether such as diethyl ether and tetrahydrofuran (THF). 

The compound represented by formula (16), if n is 1 and Y 1 is a carbon atom, can be effectively synthesized by the 
following method. 

The substituted indene (10) and a ketone of formula (17): 

30 

o 

A 2 (l7) 



ao are reacted to obtain a substituted benzofulvene of formula (18): 



45 



50 




(18) 



For example, the substituted indene (10) is allowed to be reacted with sodium ethoxide in ethanol, n-butyl lithium, sodium 
hydride, potassium hydride or strong base such as metallic sodium and metallic potassium, and then the ketone (1 7) is 
added in a molar ratio (10)/(17) of from 1/0.5 to 1/50, particularly from 1/1 to 1/20. 
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1/n SHXTf 1 ^f 1 "" 6 ? m 8nd ' he substi,uted fluore "« (12) are reacted in a molar ratio (18)/(12) of from 
1/0.5 to 1/50. particularly from 1/1 to 1/20 to obtain a compound of formula (19): 




(19) 



R i2 R n R 10 



« , « !, L~ mp0und (1 9) * us s V nthesized 's then subjected to a method known in references ( J. Am Chem Soc 
2s vol.95, P .6263 (1995), OiganoinstalHss. vol.14, P.5 (1995)) to obtain a metallocene compound 

For example, the compound (19) is deprotonued by the foregoing strong base to obtain a dianion of formula (20): 




( R l_yl_ R 2 ) n 2 (M 6 )+ 




R 12. R U R 



(20) 



50 



wherein M6 represents an alkaline metal atom such as lithium, sodium and potassium 

The compound (16) orthedianion (20) is then reacted with a compound of formula (21): 

MW^a-J Z ' (21) 

SS™^ ncn^ 9 the Same W dif,eren, «* each re P resent a hal °96" ato-". an OR group, an SR group an 
OCOR group, an OS0 2 R gro^ or an NRR' group (in which R and R may be the same or different and each iSSJSt 

£££ 'J™*??* fr ° m ' 78 C t0 30>C ' with ,he sul?s,rate concentration being from 0.01 moltf to 10 moW 
Prefen-edexamp.esofthereactionso.vent employable Irtl^^i,^ J ™2S 
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and heptane; an aromatic hydrocarbon such as benzene and toluene; a haiogenated hydrocarbon such as dichlorometh- 
ane; and an ether such as diethyl ether and tetrahydrofuran (THF). 

If X 1 and X2 in formula (1) are hydrocarbon groups, the compound (16) or the dianion (20) is acted upon by an 
alkylating agent represented by formula (22): 

5 

R32 - M7 (22) 

wherein R 32 represents a d_20 hydrocarbon; and M 7 represents an aJkaline metal atom such as lithium, sodium and 
potassium, to produce a metallocene compound represented by formula (1). 
io The catalyst for producing a polyolefin according to the present invention comprises (A) the catalyst component 
comprising the metallocene compound ol the present invention, (B) a Lewis acid compound, and (C) an organoalurrdnum 
compound. 

Examples of a Lewis acid compound as the second catalyst component (B) can be roughly divided into the following 
two groups. 

is One of the two groups is an organic aluminoxy compound represented by formula (23) or (24): 



20 



25 



30 



35 



40 




(23) 



(24) 



In formulae (23) and (24), R 33 , R 34 and R 35 may be the same or different and each represent a hydrogen atom 
45 or a Ci_ 10 hydrocarbon group, preferably methyl, ethyl, n-propyl, i-propyl, n-butyl or i-butyl, particularly preferably methyl 
or i-butyl. The plurality of R 36 groups may be the same or different and each represent a C^q hydrocarbon group, 
preferably methyl, ethyl, n-propyl, i-propyl, n-butyl or i-butyl, particularly preferably methyl or i-butyl. The suffix n repre- 
sents an integer of from 1 to 100. Organic aluminoxy compounds represented by formula (23) or (24) wherein n is from 
3 to 100 are preferably used in admixture. Alternatively, organic aluminoxy compounds represented by formulae (23) 
so and (24) may be used in admixture. 

The preparation of these compounds can be accomplished by a known method. Examples of such a known method 
include a method which comprises the addition of a trialkyl aluminum to a suspension of a salt having water of crystal- 
lization (e.g., hydrated copper sulfate, hydrated aluminum sulfate) in a hydrocarbon solvent, and a method which com- 
prises allowing the foregoing suspension to be acted upon by solid, liquid or gaseous water. 
55 If n is 2 or more and the plurality of R» groups are the same, one trialkyl aluminum is used. If the plurality of Rss 
groups are different, two or more kinds of trialkyl aluminum or one or more kinds of trialkyl aluminum and one or more 
kinds of dialkyl aluminum monohydrides may be used. Specific examples of these trialkyl aluminum and cfiatkyi aluminum 
monohydrides include a trialkyl aluminum such as trimethyl aluminum, triethyl aluminum, tri-n-propyl aluminum, tri-i- 
propyl aluminum, tri-n-butyl aluminum, tri-i-butyl aluminum, tri-s-butyl aluminum, tri-t-butyl aluminum, tripentylbutyl aJu- 
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^^iT^if' ■ minUm a ^ l ,r ^ dohe ^ but y | """"inum; a dialkyl aluminum halide such as dimethyl aluminum 
fetdamono^ 

ferred among these compounds ,s a tr.alkyl aluminum, particularly preferably trimethyl aluminum or tri-i-butyl aluminum 
The organic aluminoxy compound to be used in the present invention may be further reacted with a compound 
having act*e hydrogen such as water so that the organic aluminoxy compound of formula (2^ 7(24 is crosXked 
Alternately the organic aluminoxy compound to be used in the present invention may be a p^uct oi the Sfon 

IS^T a " P ° ,ar COmP ° Und ^ in te m0,8CUlB Bt 16861 ° ne atom selected fromXX s nCe? 

suttu and oxygen, and free of active hydrogen. The foregoing organic aluminoxy compound may comprise an aSic 

T5f tT* 10 inhibit i,S a9in9 ' ExampteS <* ,he ^"^ganic ££5£15£5 
22S1 P T % ' Ph0Spha,e - the preSenCe 01 such an aluminox V "'"Pound a poLefin havino 

excenentpovvderpropert.escanbepmducetfwimoutcausing^ 

noun^tn 'HZ 9r ° UP °' S8C °, nd Ca,alyS, comDonent is a Lewi « acid confound that reacts with a metallocene com- 
S L1?^ ^ '° n,C Preferr9d examples of such a Lew is acid compound include an organoboron com- 

c^LT^LT Or f anOb0r ° n COmP ° Und haVinfl 8 °roup, a p-methyltetraf luorophenyl group a 

tTt? rn , « t"(Pentafluorophenyl)boron, tri(n-butyl)ammonium tetra(pentafluorophenyl)borate. dimethylanilium 
^S-STTTW ■ b0ra * Pyrid ' niUm ,S,ra (P^'^rophenyOborate, ferrocenium tetra (pentaEophe 
HSSJSS^^ (pentafluoropheny1,borate, triphenylcarbenium tri (pentafluorophenyl) JHJ 

andtnphenylcaroeniumtr.(pertafluorophenyl)(4-trimemylsilyl-2.3.5.6-tetrafluo^ 

lumimm ™™u!!r t Tr mPOnent , <C) • ° b6 US6d ** P°'y merizati0 " P'ocess of P'asent invention is an organoa- 
SZTtZETl °; 9an0alun ; in " m ™* be Reeled from a trialkyl aluminum such as trimethyl alu- 

m num. tnethyl a uminum, tn-n-propyl aluminum, tri-i-propyl aluminum, tri-n-butyl aluminum, tri-i-butyl aluminum tri-s- 

= hT^7; ' b ^^-T inUm ' a ' UniinUm - ,rihexy1 aluminum - fr'oWl aluminum and M^Z^Uhm!. 

Zide a Si, a i U , m a ^ ,T, M d f 6,hyl a ' UminUm Chl0rid8 - dietnyl aluminum chlorida and di-iLyl aSm Im 

al£ £n a,U T Um w . a,k0 * de £UCh as dime,h y | a,uminum me thoxide and diethyl aluminum ethoxide; a diaJkyl 
a uT« r? 8 38 a,Um, ' nUm me1h0xide and aluminum athoxide; a aluminum aryloxide 

such as diethyl aluminum phenox.de; and an aluminoxane. Preferred among these organoaluminum compounds™* 

nurntu^T" 1 ' ^ «*« a ' Uminum - aluminum. and^yMum, 8 

STofS) 9an ° a IUm ' nUmC0 ^ OU ^ may 08 re P' acedb y 30 organic aluminoxy compound represem 

carri 6 *" * * ** PfeSent inV8n1i ° n may ,urther be comDrfee < D > a Particulate 

crr^^J^T ^ Ca ^' ySt comDOnenls °' *" P rs «nt invention can be all supported on the particulate 
«merP)<he«.r«ftersinglyr 

earner to be used ,n the present invention is not specifically limited and can be selected from organic and inorganfe 
substance, it b preferably selected from inorgan.c oxides, inorganic chlorides, inorganic carbonate, inorganic sulfates 

ride flan, ° SUbS ' an r ' nClUde ° XideS Such as 811103 «* a,umina ' chlorid a such as magnesium chlo- 

sulfate, and hydroxide a such as magnesium hydroxide and calcium hydroxide. Examples of the organic substance 
'"27™ ■»*"" ^ ** in Par,iCU,ar ' a pMaie ° r PoSene can b^ex^ed The 

A^IT" 18 P : efe I ably S6leCted fr0m in ° rflaniC 0X, ' d6S ' particular, V silica - alumi " a a " d a complex Serf' 
Among these materials, a porous particulate carrier is preferred. Such a porous particulate carrier is less attached 

na!!i> 'i"J er *' 1e reacl ' cn vesse '' making it possible to provide a polymer having a higher tnJk^ensrty^Tie porous 
panculate carrier used in the present invention preferably has a specific surface area of fromTto 1 000 X Ze 

^XX22S ° ! ^ Preferab,y ^ °' 5 10 2 5 CC/ * par,iculaf| y P^ab«y from , JKES 

mon ^ Par,,culate , camer 030 have Parent water adsorption and surface hydroxy! group content with different trea? 
mem conditions. The particulate carrier preferably has a water content of no more than 5% by weight and asurSe 

SSKSSK T 2 ' eS f h ,han 1/nm2 ^ ^ area - 1,16 COntert «« ^e hydS group coS 
^n>r by C0 ^ 0l " n9 ,he ° a,Cinin9 tem Perature or by treatment with an organoaluminum comp nSid or an 

oir^To^^^^^^ 
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Examples of the olef in to be polymerized in the process for producing a polyolef in according to the present invention 
include ethylene, propylene, 1-butene, 1-pentene. 1-hexene, 1-heptene. 1-octene. 3-methyM -butene, 4-methyl-l-pen- 
tene, cyclopentene. cyclohexene. and styrene. 

In the process erf the present invention, it is preferred that ethylene is homopolymerized or ethylene and at least one 
5 of olefin represented by formula (2) are copolymeiized: 

R16-CH = CH.R17 (2) 

wherein R^b and R 17 may be the same or different and each represents a hydrogen atom or a hydrocarbon group having 
io from 1 to 1 4 carbon atoms other than ethylene. R 16 and R 17 may be connected to each other to form a ring. 

rt is also preferred that one of olefin represented by formula (2) is homopolymerized or two or more of olefins rep- 
resented by formula (2) are copolymerized. 

Examples of the olefin represented by formula (2) to be polymerized include propylene, 1-butene. 1-pentene, 1- 
hexene. 1-heptene, 1-octene. 3-methyM -butene. 4-methyl -1-pentene, cyclopentene. cyclohexene, and styrene. Pre- 
is ferred examples of the olef in represented by formula (2) to be copolymerized with ethylene include propylene, 1 -butene. 
1-hexene, and 1-octene. Particularly preferred among these olefins is propylene. In the polymerization or copolymeri- 
zation of one or more olefins represented by formula (2), propylene is preferably homopolymerized, or alternatively, 
propylene is preferably copolymerized with 1-butene or 1-hexene. Particularly preferred among these polymers is pro- 
pylene homopolymer. 

20 Further, a polyvalent unsaturated hydrocarbon can be polymerized. Examples of the polyvalent unsaturated hydro- 
carbon to be polymerized include a Cs-eo polyvalent unsaturated hydrocarbon with a molecular weight of not more than 
1,100 having a plurality of non-conjugated vinyl groups and at least two vinyl double bonds. A particularly effective 
unsaturated hydrocarbon has from 8 to 20 carbon atoms. Specific examples of such a polyvalent unsaturated hydrocar- 
bon include 1,4-pentadiene. 1 ,5-hexadiene, 1 ,6-heptadiene, 1 ,7-octadiene. 1.8-nonodiene, 1 .Wecadiene. 1.13-tetra- 

25 decadiene, 3-methyl- 1,4-pentadiene. 4-methyl- 1 ,5-hexadiene. 3-methyl-1.5-hexadiene. and 1 ,5,9-decatriene. 
Particularly preferred among these are 1,5-hexadiene, 1 ,7-octadiene, and 1 ,9-decadiene. The proportion of the polyva- 
lent unsaturated hydrocarbon to be polymerized is preferably from 0.05 to 2% by weight based on the amount of the 
olefin represented by formula (2). 

The time at which the first catalyst component (A) (catalyst component comprising the metallocene compound of 

30 the present invention) is brought into contact with the other catalyst components (B) and (C) on the polymerization 
reaction may be arbitrarily selected. For example, the first catalyst component (A) and the second catalyst component 

(B) may be previously brought into contact with each other (pre-contact), and then added to the third catalyst component 

(C) and the olefin to be polymerized which had been charged into the reaction vessel to initiate the polymerization 
reaction. In an alternate method, the third catalyst component (C) and the olefin to be polymerized may be charged into 

35 the reaction vessel. The first catalyst component (A) and the second catalyst component (B) may then be separately 
charged into the reaction vessel to initiate the polymerization reaction. In particular, if the second catalyst component 
(B) is an organic aluminoxy compound represented by formula (23) or (24), the first catalyst component (A) and the 
second catalyst component (B) can be previously brought into contact with each other before being supplied into the 
reaction system, to provide a remarkable enhancement of polymerization activity. 

40 The first, second and third catalyst components may be supported on the fourth catalyst component (D) at any time 
as necessary. The order of supporting these catalyst components on the fourth catalyst component may be arbitrarily 
selected. Preferably, the second catalyst component (B) may be mixed with the fourth catalyst component (D) so that 
they are brought into contact with each other. The first catalyst component (A) is then brought into contact with the 
mixture. Alternatively, the first catalyst component (A) and the second catalyst component (B) may be previously brought 

45 into contact with each other. The fourth catalyst component (D) is then mixed with the mixture so that they are brought 
into contact with each other. 

The above catalyst components may be mixed in a solvent such as an aromatic hydrocarbon (e.g., benzene, toluene, 
xylene), an aliphatic hydrocarbon (e.g., pentane, hexane, heptane, octane, decane), and an alicyclic hydrocarbon (e.g., 
cyclopentane, cydohexane) in the presence or absence of olefin. The temperature at which these components are mixed 
so is generally from -70*C to 200*C, preferably from -20 fl C to 1 20 P C. The mixing time is generally from 1 to 600 minutes. 
When these catalyst components are mixed, thefirst catalyst component (A) is generally used in a concentration of from 
10"6 to 10"3 mol per g of the fourth catalyst component (D). 

The polymerization of the present invention can be accomplished by any method known in the art such as solution 
polymerization, slurry polymerization, gas phase polymerization, and high temperature melt polymerization. The polym- 
55 erization of the present invention may be effected continuously or batchwise. and in one stage or a plurality of stages. 

The polymerization conditions are not specif ically limited except those specified in the process employed. The polym- 
erization temperature is generally from 0°C to 300°C, preferably from 20°C to 1 50°C. more preferably from 40°C to 90°C. 

The concentration of the polyolef in polymerization catalyst component used in the process of the present invention 
is not particularly limited . The concentration of the metallocen e compound as the first catalyst component (A) is preferably 
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from 1 o o to 1 0 3 mow with respect to the solvent or reaction vessel volume. The concentration of the second catalyst 
component (B), if it is an organic aluminoxy compound represented by formula (24) or (25), is preferably from 10 to 
10,000. particularly from 100 to 5,000 as calculated in terms of molar ratio of aluminum atom in the organic aluminoxy 
compound to metallocene compound. The concentration of the second catalyst component (B), if it is a Lewis acid 
compound in the other group, such as an organoboron compound is preferably from 0.1 to 100, particularly from 0 2 to 
10 as calculated in terms of molar ratio of Lewis acid compound to metallocene compound. With respect to the third 
catalyst component (C), the molar ratio of organoaluminum compound to metallocene compound as first catalyst com- 
ponent (A) is generally from 10 to 100,000, preferably from 100 to 10,000 as calculated in terms of aluminum atom in 
the organoaluminum compound. 

The adjustment of the molecular weight of the resulting polymer can be accomplished by any known method e g 
Dy properly selecting the polymerization temperature or introducing hydrogen into the polymerization system 

TTie olefin polymerization catalyst of the present invention may be used in combination with other olefin poiymeri- 
zation catalysts. 7 

In the case where ethylene is polymerized or ethylene and one or more olefins represented by formula (2) are 
copolymer.zed, the metallocene compound of the present invention can be used in combination with other known met- 
allocene compounds to produce ethylene polymers having different molecular weight distributions 

Inthecasewhereoneormo^^^ 
compound of the present invention can be used in combination with an auxiliary metallocene compound for the polym- 
erization of a crystalline polyolefin, particularly crystalline polypropylene, to provide further improvement in the elastic 
properties of the resulting polymer. 

Examples of the auxiliary metallocene compound for the polymerization of a crystalline polypropylene to be used 
in the present invention include compounds represented by formulae (3) and (4): 




(Rl8- Y 2_Rl9 )n ; M 2 




(3) 



R 23 R 24 



TT? 9 anS ' ,IOn meta ' a,0m Sel6C,ed from Ti ' 2r ' and Hf; X3 and * rnay be the same or different and 
™1 n h ? 8 V f rC9e " ™ m ' 3 halCgen a, ° m ' 3 h y drocart50n 0«*P ^ving from 1 to 20 carbon atoms which may 
Z n J p Tj" u T P ' a " SR 9r0Up ' 8n ° COR 9r0up ' an SO * R an OSO *R Sroup. or an NRR 
E £U f J , * m 7 b6 "S I 3 " 16 ° f diff6rem and eaCh represen1 a atom or a hydrocarbon group 

having from 1 to 7 carbon atoms which may contain a halogen atom; Ria and Ris may be the same or different and 
each represent a hydrogen atom, a hydrocarbon group having from 1 to 20 caroon atoms, an OR group, or an SR group 
ZlTn fJrn p^Hmf ° 9e r *"* °' ' ^ havin 9 <rom 1 *> ? carbon atoms which may contain a 

from 1 ta 5 ca 'rZ ImJ C ° nne . Cted ,0 6aCh ° ,her 40 form 8 ri " 9: R " representS 3 9roup having 

S 111 f 1 1 may COn,a ' n S "' COn at ° m; R2 ° to **■ and R26 ™* be *• **™ or different and 

%Z R2 ?IZ ?*J^ r l S ^ °?Z 8 h y drocart ' on 9 rou P havin 9 fr om 1 to 20 caroon atoms which may contain silicon 
atom, R*3 and Rz5 , and ^ and R26 may be fQ 6ach ^ yjg V J£ 
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a carbon atom, a silicon atom, or a germanium atom; and n represents an integer oi from 1 to 3, 




wherein IvP represents a transition metal atom selected from Ti, Zr, and Hf ; X 5 and X 8 may be the same or different and 
each represent a hydrogen atom, a halogen atom, a hydrocarbon group having from 1 to 20 carbon atoms which may 
contain halogen atom, an OR group, an SR group, an OCOR group, an S0 2 R group, an OS0 2 R group, or an NRR' 
group, in which R and R' are as defined above; R 27 and R 28 may be the same or different and each represent a hydrogen 
atom, a hydrocarbon group having from 1 to 20 carbon atoms, an OR group, or an SR group, in which R is as defined 
above, R 27 and R 28 may be connected to each other to form a ring; R 2 * represents a hydrocarbon group having from 1 
to 5 carbon atoms which may contain a silicon atom; R 30 and R* may be the same or different and each represent a 
hydrogen atom or a hydrocarbon group having from 1 to 20 carbon atoms which may contain a silicon atom; R 2 « and 
R31 may be connected to each other via a carbon atom to form a ring; Y3 represents a carbon atom, a silicon atom, or 
a germanium atom; and n represents an integer of from 1 to 3. 

For the details of the various substituents in formulae (3) and (4), reference can be made to formula (1). However, 
the metallocene compound represented by formula (3) or (4) is a metailocene compound which is known to provide a 
crystalline polyolef in rather than amorphous atactic polyolef in in the case of polymerization of a-olef in such as propylene, 
among known metallocene compounds. 

Specific examples of the metallocene compound represented by formula (3) include: 
iPr[(Cp)(Flu)JZrCI 2 , 
iPr[3-tBuCp)(3-tBulnd)]ZrCI 2 . and 
Me2Si[(3-tBuCp)(Flu)]ZrCI 2 . 

Specific examples of the metallocene compound represented by formula (4) include: 
Et[lnd]2ZrCI 2 , 
Et[THInd]2ZrCl2, 
Me2Si[lnd] 2 ZrCI 2 , 
Me 2 Si[2-Melnd] 2 ZrCl2 1 
Me2Si[2,4-Me 2 lnd]2ZrCI2, 
Me 2 Si[2,4,7-Me3lnd] 2 ZrCI 2 . 
Me 2 Si[2-Me-4,6-iPr 2 lnd] 2 ZrCI 2 , 
Me^ip-M^-iPrlndJ^rC^, 
Me2Si[2-Me-4-Phlnd] 2 ZrCI 2 , 
Me2Si[2-Me-4-(1 -Naph)lnd]2ZrCI 2 , 
Me 2 Si[2-MeBenzind] 2 ZrCI 2> 
Me2Si[3-tBuCp] 2 ZrCI 2 , 
Me 2 Si[2-Me-4-tBuCp] 2 ZrCl 2 , 
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Me 2 Si[2A5-Me 3 Cp] 2 ZrCI 2 , and 
Me 2 Si[2 l 4,5-Me3Cp] 2 HfCI 2 . 

In the foregoing formulae, Me represents a methyl group. iPr represents an isopropyl group, tBu reprsents a t-butyl 
group, Ph represents a phenyl group, Naph represents a naphthyl group, Cp represents a cyclopentadienyl group Ind 
represents an mdenyl group, THInd represents a 4.5,6,7-tetrahydroindenyl group, Benzind represents a 4,5-benzoinde- 
nyl group, Flu represents a fluorenyl group, Si[ ] represents a silylene group, iPr( ] represents an isopropylydene group 
Et[ ] represents an ethylidene group, Zr represents a zirconium atom, Hf represents a hafnium atom, and CI represents 
a chlorine atom. 

The metallocene compounds exemplified above are all known from JP-A-3-314978. JP-A-6-122718 U S Patent 
5 - 132 ' 262 ' Angew . Chem , Int F d Fpgl . vol.24, p.507 (1985), J- Am Ch*m Rnr. vol.110, p.6255 (1998). Chem. Lett.. 
p.1853 (1989), QrqanQmetalligs, vol.13, p.954 (1994), m vol.13, p,964 (1994) 

In the procedure of synthesis of the metallocene compound represented by formula (1) of the present invention a 
metallocene compound (3) or (4) for the polymerization of a crystalline polyolef in, particularly crystalline polypropylene 
may be simultaneously synthesized. The two metallocene compounds thus synthesized may be used for polymerization 
without being isolated. The metallocene catalyst system comprising a metallocene compound represented by formula 

(1) may be used in combination with other crystalline polyolef in production catalyst which has heretofore been known 
e.g., magnesium chloride-supported Ziegler-Natta catalyst, than the foregoing crystalline polyolefin production metal- 
locene catalyst system. 

The polyolefin obtained in the present invention can be used as a modifier or compounding agent for various resins 
The polyolefin obtained by the polymerization of ethylene or the copoiymerization of ethylene with one or more 

olefins represented by formula (2) can be blended with other polyolefins to enhance its moldability or the properties of 

the final product. 

Tne polyolefin obtained by the polymerization or copoiymerization of one or more olefins represented by formula 

(2) exhibits excellent properties if blended with other poly(a-olef in). For example, the polyolefin of the present invention 
can exhibit enhanced elastic properties when blended with, e.g., a crystalline poly(a-olefin) as crystalline poly(a-olefin) 
having a stereoregularity of mm% a 90% or rr% a 80% in an amount of not more than 50% by weight. Further such a 
crystalline poly(a-olefin) can exhibit a drastic enhancement of impact resistance if blended with the polyolefin of the 
present invention in an amount of not more than 50% by weight. In particular, an isotactic polypropylene resin which 
requires a high impact resistance when used as an automobile bumper or the like can be blended with the polyolefin of 
the present invention, particularly polypropylene polymer to advantage. Further, the polyolefin of the present invention 
obtained by the polymerization or copoiymerization of one or more olefins represented by formula (2) is essentially 
amorphous and thus can be a compounding agent extremely excellent in radiation resistance. 

The polyolefin obtained in the present invention can make the best use of its transparency, flexibility, strength, form- 
ability, heat-sealability or other properties so that it can be incorporated in various products. 

The polyolefin obtained in the present invention can also be used as a modifier or compounding agent for resins 
other than the foregoing crystalline polyolefin, such as an ethyl ene-vinyl acetate copolymer, a saponification product 
thereof, an ethylene-vinyl alcohol copolymer, a halogen-containing copolymer (e.g., polyvinylidene chloride polyvinyl 
chlor.de, polyvinyl fluoride, polyvinylidene fluoride, polypropylene, rubber chloride), an unsaturated carboxylic acid and 
a polymer of derivatives thereof (e.g., polymethyl methacrylate, polyalkyl acrylate). 

The polyolefin obtained in the present invention can be further used as a starting material of various graft copolymers 
and block copolymers. ~ r ' 

The present invention will be further described in the following examples, but the present invention should not be 
construed as being limited thereto. 

i i_i J,^ 8 exampl6S be,ow ' the metallocene compound of the present invention was identified by the following methods. 
In-NMR * 

1 H-NMR of the metallocene compound was measured in chloroform-d at a temperature of 30°C 
Mass soectromatry- 

m «, J™ S ^!" len W9S in,roduced ^ a direct inaction method, and then ionized by an electron bombardment 
method (70 eV) for measurement. 

The physical properties of the polymer were measured as follows 
13 C-NMR- 

OC-NMR of the polymer was measured in a 1 : 3 mixture (by weight) of benzene-d 6 and 1 ,3,5-trichlorobenzene 
at a temperature of 120'C (measurement mode: proton decoupling method; pulse width: 8.0 ,is; pulse repetition time- 
3.0 s; integrating time: 20,000; internal standard: hexamethyl disiloxane). 

The reactivity ratio nr 2 . which indicates the comonomer composition distribution in the ethylene copolymer and the 

35S!S5S S'SSsSr calculated in accordance with ap^m™:*™ 

The stereoregularity of the polypropylene was evaluated by the intensity ratio of mm. mr and it signals derived from 
methyl group in accordance with Macrolecutes vol.6, p.925 (1973), m. vol.8, p.687 (1975). 
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flel permeation chro matography (GPC): 

The gel permeation chromatography of the polymer was effected in 1 ,2,4-trichtorobenzene at a column temper- 
ature of 135°C and a solvent flow rate of 1 m//min. 
Differential scanning calorimetry (PSC): 
5 The polymer was heated to a temperature of 230°C where it was then kept for 5 minutes. The polymer thus heated 

was then scanned while being cooled at a rate of 20°C/min. for the measurement of heat of crystallization. The polymer 
was then kept at a temperature of 25°C for 5 minutes. The polymer was then scanned while being heated at a rate of 
20°C/min. for the measurement of heat of fusion. 

The ethylenic polymer was measured for the following properties: 
W MpitflnwratR tMFffl: , JO „ el _ 

The meft flow rate of the ethylenic polymer was measured at a temperature of 190*C under a load of 2.16 kg in 
accordance with JIS K-6760. 
High load melt flow rate (HLMFffl : 

The high load melt flow rate of the ethylenic polymer was measured at a temperature of 190'C under a load of 
is 21 .6 kg in accordance with JIS K-6760. 
Density : 

The density of the ethylenic polymer was measured in accordance with JIS K-6750. Specifically, the specimen 
was pressed at temperatures of 23*C and 190*C, cut. deaerated in ethanol. and then measured by means of a density 
gradient tube. 
20 Meit tension (MT) : 

The polymer specimen to be measured was in the form of powder. The measurement was effected with an orifice 
inner diameter of 2.095 ± 0.005 mm and an orifice length of 8.000 ± 0.025 mm at a resin temperature of 190°C. an 
extrusion speed of 15 mm/min. and a winding speed of 6.5 m/min. 
The propylene polymer was measured for the following properties: 
25 Tensile test : 

The tensile test was conducted in accordance with JIS K-6301 . Specifically, the propylene polymer was kneaded 
at a temperature of 230°C by means of a 3-in. roll for 5 minutes, and then pressed into a 1-mm thick plate to obtain a 
No. 2 1/2 dumbbell specimen. The measurement was conducted at a pulling speed of 200 mm/min. 
Elongation set : 

so A specimen having 20 mm between two gage marks was kept extended by 1 00 % for 1 minute. When 1 0 minutes 

passed since the specimen was released, the distance D between the two gage marks was measured. The elongation 
set was calculated from the following equation: 

Elongation set (%) - (D-20) x 100/20 

35 

Internal haze : 

A 0.5-mm thick pressed plate was measured for internal haze in accordance with JIS K7105. 
The analyzers used for the measurement of physical properties are as follows: 
NMR: EX-400 (available from Nihon Denshi K.K.) 
40 Mass spectrometry: AX-500 (available from Nihon Denshi K.K.) 

GPC: Waters 150C (Shodex; GPC AT-806MS column) 
DSC: Perkin Elmer DSC7 

MT: Melt Tension Tester II (available from Toyo Seiki Seisakujo K.K.) 

Among known metallocene compounds, the following compounds were synthesized in accordance with known 
45 references. 
JP-A-5-345793: 

lsopropylidene(1 -indenyl)(9-f luorenyljzirconium dichloride 
JP-A-63-235309: 

Bis(1 ^^-trimethylcyclopentadienyOzirconium dichloride 
so J. Qroanomet. Chem.. vol.288, p.63 (1 985): 
rac-Ethylidenebis{indenyl) zirconium dichloride 
U.S. Patent 5.001,205: 

rac-Dimethylsilylenebis(tetrahydroindenyl) zirconium dichloride 
Qraanometallics. vol.13, p.954 (1994): 
55 rac-Dimethylsily1enebis(2-methyl-4-(1 -naphthy1)indenyl)zirconium dichloride 

lsopropylidene(3-t-butyl-1-indenyl){9-fluorenyl)zirconium dichloride used in Comparative Example 16 was syn- 
thesized in the same manner as in Examples 1 and 2. 
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Synthesis Of Metallocene Cnmpn.,^; 
EXAMPLE 1 

synthesis of dimethylsiiYlenefg^thYH-fi-nqph^i^nvi) (MmfwMxmm giflladd s O MM B 

(1) Dimethyl(2-m e thy|.7-(1-naphthyl)indenyl) (9-f luorenyl)silane was synthesized 

?«£ Mooi m rf mo| )° , 2-m e thyl-7.(1 -naphthyl)indene (synthesized in accordance with QrsaffijrMsfe vol iV 

« -??ZST^ " T? ^ ^ tetrah * ro,uran <™F)- T ° "M" was t hen added 13. 
to ilS * exane , solu,lon <* litw ™ <^er ice^vater bath. The reaction mixture was then allowed 

5 riimathu! ^ 3 r00m '""P"*"" ,or 3 hours *> <*tain a light brown solution. A solution of 2.7 g (2 mmoO 
of dimethyl drchlorosflane in 200 mz of THF was cooled to a temperature of O'C. To the solution was "en Tdded 

addZT2^T S0l ^ n ^ ichh ^ 

addrton, ttie temperature of the mixture was returned to room temperature where it was then stirred for 1 Show 

f 0 mlT « r ^ dr ° PWiSe 3 ' i,hiUm SOlU,i0n Which had bee " prepared from 3 32 

g (20 mmol) o fluorene and 13.0 mz of a n-butyl lithium solution while being cooled with ice over 15 minutes The 
temperature of the mixture was returned to room temperature where it was then stirred for 12 hours Teuton 

then dried over anhydrous sodium sulfate. The material was then subjected to column chromatography Sea 2 

7^ !^ separa,e ,he reaction product from ,he startin s « ais - EES mSW * 

mmol, yield: 59 %) of the desired compound was obtained. 

The elementary analysis of the compound thus obtained is given below. 



Elementary analysis: 


Calculated (%) for C 35 H 3 oSi: 
Found (%): 


C87.82. 
C87.95. 


H6.32 
H6.55 



TT" * Sim,heSiS 10 Zir00nium complex *«• 6,tected in an atmosphere of argon gas. 6 5 g 

whS?^^ so J ufton ^ as then added 18-7 mz (28.7 mmol) of a 1.65 moltt hexane solution of n-butyl lithium 
while bemg cooled with ice. The reacfton mixture was then allowed to undergo reaction at room temperature for 2 
houra. THF was then distilled of. under reduced pressure. To the solution was then added sTnvTdriS toluene 

etrach onde was suspended in 100 mz of dried toluene in a flask. The suspension was then cooled to a 
Under these conditions, the greenish brown toluene solution which had been previously prep^ was the! a££ 

^SSS^^^T? 000166 10 *■ same ,emperature - ™ e raaction 

stirred at a temperature of -78°C for 1 hour. The temperature of the mixture was returned to room temoerature where 
nwasthena owed to undergo reaction foMOhours to ^.^.uv^Tl-^SSSS^ 
to centofuga. separation to remove the totuene solution and separate a red solid therefrom The V* SXus 

rea Transparent solution was then concentrated to precipitate a red crystal. 

Mass spectrometry: El (70 eV), direct introduction method, 638 (W) 

8.4 (18H H S 40 ° MH2> CDCl3,: 5143 SI * CH3) ' (3K SI " CH3) ' 217 (3K ,nd - CH3) ' 6 25 < 1H - ' 
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Elementary analysis: 


Calculated (%) tor C u H2s$\Zia 2 : 
Found (%): 


C65.81. 
C64.20. 


H4.42 
H3.91 



EXAMPLE 2 

Synthesis of dime1hvlsiMene(2>mgthvl-4-oh pnvlindenvl^ (94luorenvll zirconium dichtohde (IMPFZ) 

(1) Dimethyl(2-methy1-7-phenylindenyl) (9-fluorenyl)silane was synthesized. 

The procedure of Example 1 was followed. In some detail, 6.3 g (30.5 mmol) ol 2-methyl-7-phenylindene (syn- 
thesized in accordance with Oroanometallics. vol. 1 3. p.954 (1 994)) was dissolved in 1 00 m/ of dried tetrahydrofuran 
(THF). To the solution was then added 21.0 ml (33.6 mmol) of a 1.6 mol// hexane solution of n-butyl lithium over 
ice-water bath. The reaction mixture was then allowed to undergo reaction at room temperature for 3 hours. The 
solution was then added dropwise to a solution of 4.4 g (34 mmol) of dimethyl dichlorosilane in 200 ml of THF over 
ice-water bath over 2 hours. After the completion of the dropwise addition, the temperature of the mixture was 
returned to room temperature where it was then stirred for 12 hours. To the solution was then added dropwise a 
ftuorenyl lithium solution which had been similarly prepared from 5.1 g (30.5 mmol) of fluorene and 21 .0 ml of a n- 
butyl lithium solution while being cooled with ice in 1 5 minutes. The temperature of the mixture was returned to room 
temperature where it was then stirred for 12 hours. The reaction solution was stirred with an aqueous solution of 
ammonium chloride, extracted with diethyl ether, and then dried over anhydrous sodium sulfate. The material was 
then subjected to column chromatography (silica gel; developing solvent: n-hexane) to separate the reaction product 
from the starting materials. As a result, 8.5 g (19.8 rnmol; yield: 65 %) of the desired compound was obtained. 

The elementary analysis of the compound thus obtained is given below. 



Elementary analysis: 


Calculated (%) for C 31 H28Si: 
Found (%): 


C86.92, 
C86.95. 


H6.54 
H6.75 



(2) The subsequent reaction of synthesis to zirconium complex was effected in the same manner as in Example 1. 
In some detail, 6.8 g (15.9 mmol) of dimethyl(2-methyt-7-phenylindenyl)(9-fluorenyl)silane thus obtained was dis- 
solved in 100 m* of dried THF. To the solution was then added 21 .8 ml (35.0 mmol) of a 1 .65 mol/* hexane solution * 
of n-butyl lithium while being cooled with ice. The reaction mixture was then allowed to undergo reaction at room 
temperature for 2 hours. THF was then distilled off under reduced pressure. To the solution was then added 50 ml 
of dried toluene while being cooled to a temperature of -78°C to obtain a greenish brown suspension. On the other 
hand, 3.7 g (15.9 mmol) of zirconium tetrachloride was suspended in 100 ml of dried toluene in a flask. The sus- 
pension was then pooled to a -78°C. Under these conditions, the greenish brown toluene solution which had been 
previously prepared was then added to the suspension through a cannula while being cooled to the same temper- 
ature. The reaction mixture was then stirred at a temperature of -78°C for 1 hour. The temperature of the mixture 
was returned to room temperature where it was then allowed to undergo reaction for 10 hours to obtain a red sus- 
pension. The suspension was then subjected to centrifugal separation to remove the toluene solution and separate 
a red solid therefrom. The red solid thus obtained was then extracted with dried methylene chloride by means of a 
Soxhlet extractor. A red crystal was then obtained from the resulting red transparent solution. 

Mass spectrometry: El (70 eV), direct introduction method. 588 (M*) 

1H-NMR (400 MHz, CDCI3): 61.43 (3H, Si-CH 3 ), 1.60 (3H. Si-CH 3 ), 2.21 (3H, lnd-CH 3 ), 6.40 (1H, Ind-H), 6.9 - 
8.4 (18H. Aryl-H) 



21 



EP0 707 016 A1 



30 



35 



Elementary analysis: 


Calculated (%) for CaiH^SiZrClz: 
Found (%): 


C63.27, 
C63.20, 


H4.42 
H4.20 



45 



50 



Preparation of Ethvlenie Pniym^ ■ 
EXAMPLF a 

Supporting of methylalii nninoxanB on cq rriar 



1 s H Irl S ^ k T, ^' Ch had b6e " th0rOU9hly rep,aced * nitro 9 en were charged 25 m of toluene and 

T " d-35 mol// (in a.uminum atom equivalence) tduene solution, available 

l*J.) "The reaebon m,xture was then stirred at room temperature for 30 minutes. The solvent was 
hen denied off under reduced pressure. To the reside was then added 50 m/ of hfptane. The reaction mixture was 
, «n. a r f mP I ratUre V 0 ' 0 for 4 ^ ™ 6 r6aCti0n Solution was *en washed with hepS twic^ S 
« by welih, " S ° W C ° mP ° nent ^ S °" d COmp0nent com P rised ^^aluminoxe in an amount of 33% 

Polymerization 

3 2 n^^f^ vo,um ^ ®, US a "toclave the air in which had bean thorouohfy replaced by nHrooen were introduced 
^l a i™ hexane soM.on of tri-i-butyl aluminum. 1 05 mg of theforegoing silica-supported methylaluminoxane 

2 7^rfinJf*r^ e J- ^ and 800 m/ of isobutene. The reaction mixture was then heated to atemperetirB 

at an ethylene pressure of 10 kg/cm* and a temperature of 70-C for 30 minutes to obtain 69.3 g of a polymer The 
polymer exhibited an activity of 6.9 kg-polymer/g-complex • hr ■ atm. 
The physical properties of the polymer thus obtained were as follows: 

Mw = 990,000; Mw/Mn = 4.25 

was tnHSlSZ 6Xhlbited 3 d6nSity 01 0 948 ^ 9 meltin9 P ° int 01 132<C 77,6 mett tension of *• 0°'*™ 
EXAMPLE 4 

3.2 m/ ofa0.5mol//haxanesolut.on of triisobulyl aluminum. 105 mgofthe silica-supported methylaluminoxane oreoarS 
(IMNFZ) synthesized in Example 1 in 6 mr of toluene, and 800 ml of isobutane. The reaction mixture was then heated 

^TTH °- ,nt ° *" 8yStem was men in,roduced a mMure S7= 4 x 10"?^ 

^yleneandh^rogentoin^tepolymerizati^.Thepolymerizationwas effertedatamixtu egLprLLof lOkg/crS 

SZSSL h^ r 30 minu,es ,0 obtain 376 9 - 9 polymer - The p °*™ « EE SEE 

The physical properties of the polymer thus obtained were as follows: 

HLMFR = 0.1 1 ; Mw = 407,000; Mw/Mn = 3.94 

was imm^uSr ***** ' ° f ^ "* 3 P ° lnt ° f 132 ' C " ^ melt tens ™ - *• P*'*™ 
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EXAMPLES 5 TO 7 

Polymerization was effected in the same manner as in Example 4 except that the mixing gas ratio was altered. The 
polymerization conditions and results are set forth in Table 1 . The physical properties of the polymer thus obtained are 
set forth in Table 2. 

EXAMPLES 8 TP 10 

Polymerization was effected in the same manner as in Examples 3 to 7 except that dmethytsilytene(2-methyl-4- 
phenylindenyl)(9-ftuoreny1)zirconiumdichloride (IMPFZ) produced in Example 2 was used as a metallocene compound. 
The polymerization conditions and results are set forth in Table 1 . The physical properties of the polymer thus obtained 
are set forth in Table 2. 

COMPARATIVE EXAMPLE 1 

Polymerization was effected in the same manner as in Example 3 except that isopropyridene(indenyl)(fiuorenyl)zir- 
conium dichloride (a) was used as a metallocene compound. The polymerization condtions and results are set forth in 
Table 1 . The physical properties of the polymer thus obtained are set forth in Table 2. 

COMPARATIVE EXAMPLES 2 AND 3 

Polymerization was effected in the same manner as in Examples 3 and 4 except that bis(n«butylcyclopentadienyl)zir- 
conium dichloride (b) was used as a metallocene compound. The polymerization conditions and results are set forth in 
Table 1 . The physical properties of the polymer thus obtained are set forth in Table 2. 

COMPARATIVE EXAMPLES 4 AND 5 

Polymerization was effected in the same manner as in Examples 3 and 4 except that bis(1 -methyl-3-n-butylcydopen- 
tadienyl)zirconium dichloride (c) was used as a metallocene compound. The polymerization conditions and results are 
set forth in Table 1 . The physical properties of the polymer thus obtained are set forth in Table 2. 

COMPARATIVE EXAMPLE 6 

Polymerization was effected in the same manner as in Example 4 except that bis(1 ,2,4-trimethylcyclopentadienyl)zir- 
conium dichloride (d) was used as a metallocene compound. The polymerization conditions and results are set forth in 
Table 1 . The physical properties of the polymer thus obtained are set forth in Table 2. 

COMPARATIVE EXAMPLES 7 AND 8 

Polymerization was effected in the same manner as in Examples 3 to 5 except that ethylidenebis(indenyl)zirconium 
dichloride (e) was used as a metallocene compound. The polymerization conditions and results are set forth in Table 1. 
The physical properties of the polymer thus obtained are set forth in Table 2. 

The relationship between MT and MFR was determined from these results as shown in Fig. 1 . 

The comparison of the foregoing examples with the comparative examples shows that the metallocene compound 
of the present invention can form a catalyst enabling the production of a polyethylene having a high melt tension. In 
particular, the comparison of the examples with Comparative Example 1 shows that among crosslinked metallocene 
compound groups having indene ring and fluorene ring, the group having substituents of the present invention can form 
a catalyst enabling the production of a polyethylene having a specifically high melt tension. 

Further, the comparison of the examples with Comparative Examples 7 and 8 shows that the metallocene compound 
of the present invention enables the production of a polyethylene having a higher molecular weight than the metallocene 
compounds which have heretofore been known to form catalysts enabling the production of a polyethylene having a 
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high melt tension even if hydrogen is introduced into the polymerization system during the polymerization. 
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ELeparation of Ethvlenic Cnnnlvm» r ; 
EXAMPLE 11 

lmoa1 n 5-/inter^ 

1*12^^? 2^ , * H,U,1,I a * uminum . ma of «wfDraaolno allmivpartMl nMttiytalumlniwm. 

a solution of 0.69 mg of dimethy| 8 ilyi e n e (2-m e thyl-4.(i- na phlhyl)ind S nyl)(9-f luorenyl) zirconium dlchloride (IMNFZ) syn- 
JES?.". I amP 1 m 6 ^ 0f toluene - andSOOtn/of 1-hexene. The reaction mixture was then heated to a temperature 
o 70 C. Into thereaction system was then introduced ethylene to initiate polymerization. The polymerization was effected 

h n Jf^ en6 P - eSSUre * 10 k9/ ° m2 and 3 tem P era,ur ° of 70»C for 30 minutes to obtain 1 73 g of a polymer. The polymer 
exhibrtedanacti V1 tyof49.4kg-polymer/g-complexhratm. nepoiymer 
The physical properties of the polymer thus obtained were as follows: 

Mw a 705,000; Mw/Mn = 4.16 

^ro w!! , l P H ymer 6Xhibited 3 denSi,V ° f 0 88 9/Cm3 ' ln DSC ' no P eaks 0f enthal PV due to f "si°" and crystallization 
o 49 7h9 measurement of 13 C-NMR shows that the hexene content in the polymer chain is 35.2 % by weight and nr 2 is 

EXAMPLE 12 

JS?" J 69 m9 01 dime « i y , »ly"ene(2.methyl^(l •naphmyt)indenyl)(9.1luorenyl)zirconium dichloride 

(IMNFZ) synthesized in Example 1 in 6 mt of toluene, 90 g of 1 -hexene, and 800 rrtf of isobutane. The reaction mixture 
was then heated to a temperature of 70'C. Into the reaction system was then introduced a mixture (Hyc 2 (by weight)- 

#,nJ , ] °o Z leneandh y dr °9en to initiate polymerization The polymerization was effected at a mixture gas pressure 
of 0 kg/cm* and a temperature of 70'C for 30 minutes to obtain 191 g of a polymer. The polymer exhibited an activity 
of 18.2 kg-polymer/g-complex • hr ■ atm. y 
The physical properties of the polymer thus obtained were as follows: 

HLMFR = 1.85; Mw o 251,000; Mw/Mn = 4.20 

were dSdS*"" * * ° M ° S °' " 0 ^ * eniM ™ dU8 * ' USi ° n and 

^The measurement of 13C-NMR shows that the hexene content in the polymer chain is 35.7% by weight and nr 2 is 

EXAMPI F 13 

Polymerization was effected in the same manner as in Example 12 except that the mixing gas ratio was altered 
« 1 set foTh"n a TableT "* "* ^ ™* *' ^ W"*** ° f the P ° lymer tnUS 0b,ained 

EXAMPI FS 14 AMn 1B 

w« =°S r ^ ti0n r S a ! h ? d *• Same manner aS in Example 12 lhat the a™""' * 1 -hexene to be used 

Z Z^ZT^T™ and resulte " set forth in Tawe 3 ^ phy8ical properties of ,he 

EXAMPLFS 1fi A^n 17 

Polymerization was effected in the same manner as in Examples 11 and 15 except that IMPFZ was used as a 

r a S« e * 0m T d I* poly T eriza,ion condifions and «*ults are set forth in Table 3. The physical properties of 
the polymer thus obtained are set forth in Table 4. 
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COMPARATIVE EXAMPLE 9 

Polymerization was effected in the same manner as in Example 1 1 except that isopropyridene{indenyl){fluor enytyzir- 

conium dichioride (a) was used as a metallocene compound. The polymerization conditions and resutts are set forth in 
5 Table 3. The physical properties of the polymer thus obtained are set forth in Table 4. 

COMPARATIVE EXAMPLES 10 AND 1 1 

Polymerization was effected in the same manner as in Examples 11 and 12 except that bis(n-buty1cydopentadi- 
io enyl)zirconium dichioride (b) was used as a metallocene compound. The polymerization conditions and results are set 
forth in Table 3. The physical properties of the polymer thus obtained are set forth in Table 4. 

COMPARATIVE EXAMPLES 12 AND 13 

is Polymerization was effected in the same manner as in Examples 1 1 and 12 except that ethylidenebis(indenyl)zir- 
conium dichioride (e) was used as a metallocene compound. The polymerization conditions and results are set forth in 
Table 3. The physical properties of the polymer thus obtained are set forth in Table 4. 

COMPARATIVE EXAMPLE 14 

20 

Polymerization was effected in the same manner as in Example 11 except that cfimethylsilylenebis(tetrahydroinde- 
nyljzirconium dichioride (f) was used as a metallocene compound. The polymerization conditions and results are set 
forth in Table 3. The physical properties of the polymer thus obtained are set forth in Table 4. 

The foregoing examples demonstrate that in the production of an ethytenic copolymer the metallocene compound 
25 of the present invention can provide a copolymer having a higher molecular weight while maintaining the uniformity in 
the comonomer distribution. It can also be seen that the catalyst system of the present invention can provide a higher 
comonomer conversion (ratio of comonomer incorporated in the polymer chain by the polymerization reaction to comon- 
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omer charged) than the conventional metallocene catalyst systems. 
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Preparation of Polypropylen e Elastomer 
EXAMPLE 18 

Into a 1 .5-/ internal volume SUS autoclave the air in which had been thoroughly replaced by nitrogen was charged 
11 .7 mi of a 0.5 M toluene solution of trw-butyl aluminum (TIBA). 8 mol of liquid propylene was then charged into the 
autoclave. The reaction mixture was then kept at a temperature of 30'C. To a toluene solution of 2.5 mg (0 039 mmol) 
of dimetfiylsilylene(2.methyl-4-(1-naphtyl) indenyl) (9-fluorenyl) zirconium dichloride (IMNFZ) synthesized in Example 1 
was added 3.9 of a 0.5 M toluene solution of TIBA. The reaction mixture was then allowed to undergo reaction at a 
temperature of 30«C for 5 minutes (Catalyst A). Further, 2.0 mi. of a 2.9 mM toluene solution of [Ph 3 C][B(C 6 F 5 )4] (TPFPB) 
was prepared (Catalyst B). Catalysts A and B were mixed, and then immediately charged into the reaction vessel where 
polymerization was then effected at a temperature of 50'C for 1 hour. After the completion of the reaction the resulting 
polypropylene was dried in vacuo. 

As a result, 240 g of a transparent amorphous polypropylene elastomer was obtained. It exhibited an activity of 35 
kg-PP/g-Zr ■ h per metallocene. 

The stereoregularity of the polymer thus obtained comprised mm * 17 %, mr = 47 % and rr » 36 % {^C-NMR 
spectrum in methyl region is set forth in Fig. 2). 

The polymer exhibited a molecular weight Mw of 593,000 and a molecular weight distribution Mw/Mn of 2 8 

In DSC, no peaks of enthalpy due to fusion and crystallization were detected. 

EXAMPLE 19 

TTie procedure of Example 18 was followed except that the polymerization temperature was altered to 20°C and 
1.1 mg (0.0017 mmol) of dimethylsilytene(2-methy^ (IMNFZ) syn- 

thesized in Example 1 was used. As a result, 54 g of a transparent amorphous polypropylene elastomer was obtained 
Hie polymer thus obtained exhibited an activity of 32 kg-PP/g-Zr ■ h per metallocene. 

mm = 17 %; mr = 45 %, rr = 38 %; Mw = 853,000, Mw/Mn = 2.8 

EXAMPLE 20 

The procedure of Example 18 was followed except that 1.2 mg (0.0020 mmol) of dimethylsily^ene(2^methyl-4-(1- 
phenyl,ndenyl)(9-fluorenyl)zirconium dichloride (IMPFZ) synthesized in Example 2 was used as a metallocene com- 
pound. As a result, 125 g of a transparent amorphous polypropylene elastomer was obtained. The polymer thus obtained 
exhibited an activity of 61 kg-PP/g-Zr ■ h per metallocene. 

mm = 16%; mr = 46 %, rr * 38 %; Mw « 493,000, Mw/Mn = 2.5 

EXAMPLE 21 

The procedure of Example 18 was followed except that the polymerization temperature was altered to 20*C and 
0.8 mg (0.0014 mmol) of dimethylsilylene(2-methyl-4-phenylindenyl)(9-fluorenyl)z»rconium dichloride (IMPFZ) synthe- 
sized in Example 2 was used. As a result, 38 g ol a transparent amorphous polypropylene elastomer was obtained The 
polymer thus obtained exhibited an activity of 28 kg-PP/g-Zr ■ h per metallocene. 

mm = 16 %; mr = 44 %, rr = 40 %; Mw = 793,000, Mw/Mn = 2.5 
None of the polymers obtained in Examples 1 7 to 1 9 showed peaks of enthalpy due to fusion and crystallization. 
COMPARATIVE EXAMPLE 15 

The procedure of Example 18 was followed except that 0.77 mg (0.0016 mmol) of isopropyridene(1 -indenylK9- 
fluorenyl)zirconium dichloride (a) was used. - K 'naenyi^y 

ka P tT h \Hl 1 T 0Hy at3CtiC po,ypr °Py ,ene was obtained - ™e polymer thus obtained exhibited activity of 22 
Kg-KP/g-zr h per metallocene compound. 

mm = 27 %; mr = 33 %; rr = 40 %; Mw = 5,200; Mw/Mn = 2.8 
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COMPARATIVE EXAMPLES 

The procedure of Example 18 was followed except that 0.92 mg (0.0017 mmol) of isopropyridene(3-t-butyl-1 -inde- 
nyi)(9-f luorenyOarconium dichloride (g) was used. 
5 As a result 1 9 g of a powdered isotactic polypropylene was obtained. The polymer thus obtained exhibited activity 
of 21 kg-PP/g-Zr • h per metallocene compound. 

mm = 78 %; mr = 12 %; rr = 10 %; Mw = 214.000; Mw/Mn = 2.6 

to The foregoing examples demonstrate that among the cross! inked metallocene compound groups having indene 

ring and fluorene ring, the group having substrtuents of the present invention can form a catalyst which specifically 
enables the production of a polypropylene elastomer. 

EXAMPLE 22 

15 

1.8 g (2.8 mmol) of dimethylsilylene(2^ethyMK1 ^ dichloride (IMNFZ) and 

10 mg (0.014 mmol) of rac<iimethytsilylene(2-memy1-4-(1-^ ( h ) were dissolved in 

100 m/ of toluene (distilled and dried in the presence of Na*K alloy). 0.10 ml of the toluene solution thus obtained was 
then subjected to propylene polymerization at a temperature of 60°C in the same manner as in Example 18. As a result, 
20 72 g of a transparent polypropylene elastomer was obtained. The polymer thus obtained exhibited an activity of 40 kg- 
PP/g-Zr * h per metallocene compound. 

- mm = 25 %; mr = 42 %; rr = 33 % ( 1 3C-NMR spectrum in methyl region is set forth in Fig. 3) 

25 Mw = 428.000; Mw/Mn = 5.2 

In DSC. the polymer showed a melting point at 146.4°C. 

EXAMPLE 23 

30 

The procedure of Example 22 was followed except that 0.13 m/ (0.0035 mmol per mol of metallocene compound 
used) of a toluene solution of metallocene compound was used and the polymerization temperature was altered to 70°C. 
As a result, 78 g of a transparent polypropylene elastomer was obtained. The polymer thus obtained exhibited an activity 
of 35 kg-PP/g-Zr ■ h per metallocene compound. 

35 

mm = 28 %; mr = 41 %; rr = 31 %; Mw = 320.000; Mw/Mn = 8.9 

In DSC, the polymer showed a melting point at 146.2°C. 
The results are set forth in Tables 5 and 6. 
40 The polypropylene products obtained in Examples 18 to 23 were then subjected to elasticity test. The results are 
set forth in Table 7. The stress-strain curve of polypropylenes obtained in Examples 18 and 22 are set forth in Figs. 4 
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and 5, respectively. 
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cataJst^ n nlf b0V6 H ,he P0 ! y T riZati0n ° f 3n ° ,e,in in ,he presence «* a ^I'ocene compound as an essential 
catalyst component prov,des a plurality of effects depending on the olefin to be polymerized. 
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In other words, in the case of the production of an ethylenic polymer, a high melt tension polymer having up to a 
high molecular weight can be produced. 

In the case of the production of an ethylenic copolymer, a polymer having a uniform comonomer distribution can be 
produced up to a high molecular weight range. Further, a high percent comonomer incorporation In the polymer chain 
5 can be provided, giving an advantage in cost 

In the case of the polymerization of a-olefin. particularly propylene, an amorphous polypropylene having elastic 
properties can be produced at a high activity. When the polymerization is effected in the presence of the metallocene 
compound of the present invention combined with other metallocene compounds, the elastic properties of the polymer 
thus produced can be properly controlled under industrially effective polymerization conditions. 
10 While the invention has been described in detail and with reference to specific examples thereof, it will be apparent 
to one skilled in the art that various changes and modifications can be made therein without departing from the spirit 
and scope thereof. 

Claims 

15 

1 . A catalyst component for producing polyolefin, said catalyst component comprising a metallocene compound rep- 
resented by formula (1): 



20 



25 



30 



35 




40 

wherein 

M 1 represents a transition metal atom selected from Ti, Zr, and Hf; 

X 1 and X 2 may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
45 group having from 1 to 20 carbon atoms which may contain a halogen atom, an OR group, an SR group, an OCOR 
group, an S0 2 R group, an OS0 2 R group, or an NRR' group, in which R and R' may be the same or different and 
each represent a hydrogen atom or a hydrocarbon group having from 1 to 7 carbon atoms which may contain a 
halogen atom; 

R 1 and R 2 may be the same or different and each represent a hydrogen atom, a hydrocarbon group having 
so from 1 to 20 carbon atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocarbon 
group having from 1 to 7 carbon atoms which may contain a halogen atom, R 1 and R 2 may be connected to each 
other to form a ring; 

R3 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain a silicon atom; 
R 4 represents a hydrocarbon group having from 1 to 20 carbon atoms which may contain a silicon atom; 
55 R 5 to R 15 may be the same or different and each represent a hydrogen atom or a hydrocarbon group having 

from 1 to 20 carbon atoms which may contain a silicon atom, R5 to may be connected to each other to form a 

ring; 

Yi represents a carbon atom, a silicon atom, or a germanium atom; and 
n represents an integer of from 1 to 3. 
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2 " l£i ^ COm P°" ent ' for proijucin 9 V°\yotem as claimed in Claim 1, wherein R3 represents a methyl group or an 
h^S 

3. A catalyst component for producing polyolefin as claimed in Claim 1, wherein R3 represents a methyl group or an 
ethyl group; R4 represents a phenyl group or a 1 ; naphthyl group; R* to Ri« each represent a hydrogen atom; and 

4. A catalyst for producing polyolefin, said catalyst comprising: 

(A) a catalyst component; 

(B) a Lewis acid compound; and 

(C) an organoaluminum compound, 

said catalyst component comprising a metallocene compound represented by formula (1): 

R 4 




R 12 £11 R- 



wherein 

W represents a transition metal atom selected from Ti, Zr, and Hf; 
nr „ * and m ^ be ,he same or diffe rent each represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 carbon atoms which may contain a halogen atom, an OR group, an SR group an OCOR 

SZ S °i R Th P ' 30 °!° 2R 9 T' ° r 90 NRR ' 3r0Up ' in Which R and R ' ma * be ,he same <* Cerent and 
hatoge^atom " 3 hydr0Cart)0n 9roup havin9 ,rom 1 10 7 atoms which may contain a 

frnm 1 tn /nil 2 be oS 6 ° r different and each represent a h y dr °9 sn atom ' a hydrocarbon group having 
llh < il° a "° R9r0Up ' ora "SR group, in which R represents a hydrogen atom or a hydrocarbon 
group havmg from 1 to 7 carbon atoms which may contain a halogen atom, Ri and R* may be conn Jed to each 
oiner to torm a ring; 1 

R3 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain a silicon atom- 
R< repres ents a hydrocarbon group having from 1 to 20 carbon atoms which may contain a silicon atonV 

frnm 1 Z on * Y Same W m&m and each re P rese ™ a hydrogen atom or a hydrocarbon group having 
from 1 to 20 carbon atoms wh,ch may contain a silicon atom. to Ri * may be connected to each otner to form a 

Y< represents a carbon atom, a silicon atom, or a germanium atom; and 
n represents an integer of from 1 to 3. 
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A polydefin production catalyst as claimed in Claim 4, said catalyst further comprises (D) a particulate carrier. 

A process for producing a polyolefin, said process comprising the step of homopolymeriang ethylene or copolym- 
erizing ethylene and at least one of olefin represented by formula (2): 

Ri6-CH«CH-R" (2) 

wherein R 1 6 and Ri? may be the same or different and each represents a hydrogen atom or a hydrocarbon group 
having from 1 to 14 carbon atoms other than ethylene. Rie and R 17 may be connected to each other to form a ring, 
in the presence of a catalyst comprising: 

(A) a catalyst component; 

(B) a Lewis acid compound; and 

(C) an organoaluminum compound, 

said catalyst component comprising a metallocene compound represented by formula (1): 




wherein 

M 1 represents a transition metal atom selected from Ti, Zr, and Hf; 

X 1 and X 2 may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 carbon atoms which may contain a halogen atom, an OR group, an SR group, an OCOR 
group, an SO2R group, an OS0 2 R group, or an NRR' group, in which R and R' may be the same or different and 
each represent a hydrogen atom or a hydrocarbon group having from 1 to 7 carbon atoms which may contain a 
halogen atom; 

Ri and R 2 may be the same or different and each represent a hydrogen atom, a hydrocarbon group having 
from 1 to 20 carbon atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocarbon 
group having from 1 to 7 carbon atoms which may contain a halogen atom, R 1 and R 2 may be connected to each 
other to form a ring; 

R3 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain a silicon atom; 
R 4 represents a hydrocarbon group having from 1 to 20 carbon atoms which may contain a silicon atom; 
R5 to R 15 may be the same or different and each represent a hydrogen atom or a hydrocarbon group having 
from 1 to 20 carbon atoms which may contain a silicon atom, R* to R1 5 may be connected to each other to form a 

ring; 

Y 1 represents a carbon atom, a silicon atom, or a germanium atom; and 
n represents an integer of from 1 to 3. 
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A process for producing a polyolefin as claimed in Claim 6, wherein said catalyst further comprises (D) a particulate 



carrier. 



A process for producing a polyolefin, said process comprising the step of polymerizing one of olefin represented by 
formula (2) or copolymerizing two or more of olefins represented by formula (2): 



R16-CH = CH-R17 



(2) 



wherein Ria and R" may be the same or different and each represents a hydrogen atom or a hydrocarbon group 
having from 1 to 1 4 carbon atoms other than ethylene, rib and R« may be connected to each other to form a ring, 
in the presence of a catalyst comprising: 

(A) a catalyst component; 

(B) a Lewis acid compound; and 

(C) an organoaluminum compound, 

said catalyst component (A) comprising a metallocene compound represented by formula (1): 

R 4 





(1) 



wherein 

IW represents a transition metal atom selected from Ti, Zr, and Hf; 

Xi and X2 may be the same or different and each represent a hydrogen atom, a halogen atom a hydrocarbon 
group having from 1 to 20 carbon atoms which may contain a halogen atom, an OR group, an SR group an OCOR 
group, an S0 2 R group, an 0SO 2 R group, or an NRR' group, in which R and R' may be the same or different and 
each represent a hydrogen atom or a hydrocarbon group having from 1 to 7 carbon atoms which may contain a 
halogen atom; 

. , » R1 ^ nd T may be the Same or different and each re P r **>nt a hydrogen atom, a hydrocarbon group having 
from 1 to 20 carbon atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocarbon 
group having from 1 to 7 carbon atoms which may contain a halogen atom, R1 and R* may be connected to each 
other to form a ring; 

R3 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain a silicon atom- 
» re P resents a hydrocarbon group having from 1 to 20 carbon atoms which may contain a silicon atom- 

r m 1 7% K may .* thS ° r dif,erert and 8a0h r6present a hydr09en atom or 8 hydrocarbon group having 
from 1 to 20 carbon atoms wh.ch may contain a silicon atom. Rs to rib may be connected to each other to form a 
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Y 1 represents a carbon atom, a silicon atom, or a germanium atom; and 
n represents an integer of from 1 to 3. 

9. A process for producing a polyolefin as claimed in Claim 8, wherein said catalyst further comprises (D) a particulate 
carrier. 

10. A process for producing a polyoleJin, said process comprising the step of polymerizing one of olefin represented by 
formula (2) or copolymerizing two or more of olefins represented by formula (2): 

R16 . CH = CH . Ri* (2) 

wherein R 1 « and R 17 may be the same or different and each represents a hydrogen atom or a hydrocarbon group 
having from 1 to 14 carbon atoms other than ethylene, R 16 and R 17 may be connected to each other to form a ring, 
in the presence of a catalyst comprising: 

(A-1) a catalyst component; 

(A-2) an auxiliary metallocene compound; 

(B) a Lewis acid compound; and 

(C) an organoaluminum compound, 

said catalyst component (A-1) comprising a metallocene compound represented by formula (1): 




wherein 

W represents a transition metal atom selected from Ti, Zr ( and Hf; 

X 1 and X 2 may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 carbon atoms which may contain a halogen atom, an OR group, an SR group, an OCOR 
group, an S0 2 R group, an OS0 2 R group, or an NRR' group, in which R and R* may be the same or different and 
each represent a hydrogen atom or a hydrocarbon group having from 1 to 7 carbon atoms which may contain a 
halogen atom; 

R 1 and R 2 may be the same or different and each represent a hydrogen atom, a hydrocarbon group having 
from 1 to 20 carbon atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocarbon 
group having from 1 to 7 carbon atoms which may contain a halogen atom, R 1 and R 2 may be connected to each 
other to form a ring; 

R3 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain a silicon atom; 
R 4 represents a hydrocarbon group having from 1 to 20 carbon atoms which may contain a silicon atom; 
R5 to R 15 may be the same or different and each represent a hydrogen atom or a hydrocarbon group having 
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from 1 lo 20 carbon atoms which may contain a silicon atom, R* to Ris may be connected to each other to form t 
ring; 

Yi represents a carbon atom, a silicon atom, or a germanium atom; and 
n represents an integer of from 1 to 3, and 

said auxiliary metallocene compound (A-2) being represented by formula (3) or (4): 




(R 18 -Y 2 -R 19 ) n M 2 




(3) 



wherein 

M2 represents a transition metal atom selected from Ti, Zr, and Hf ; 

X3 and X* may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 carbon atoms which may contain a halogen atom, an OR group, an SR group an OCOR 
group, an SO z R group, an OS0 2 R group, or an NRR' group, in which R and R' may be the same or different and 
each represent a hydrogen atom or a hydrocarbon group having from 1 to 7 carbon atoms which may contain a 
halogen atom; 

Ri« and R« may be the same or different and each represent a hydrogen atom r a hydrocarbon group having 
from 1 to 20 carbon atoms, an OR group, or an SR group, in which R represents a hydrogen atom or a hydrocarbon 
group having from 1 to 7 carbon atoms which may contain a halogen atom, rib and R« may be connected to each 
other to form a ring; 

R24 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain silicon atom- 
R20 10 R 23 R25f and R26 may be the same or different and each represent a hydrogen atom or a hydrocarbon 

group having from 1 to 20 carbon atoms which may contain silicon atom, R23 and R25, and R24 and R26 may be 

connected to each other via a carbon atom to form a ring; 

Y2 represents a carbon atom, a silicon atom, or a germanium atom; and 
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n represents an integer of from 1 to 3, 



H R 29 




wherein 

M3 represents a transition metal atom selected from Ti, Zr, and H<; 

X5 and XB may be the same or different and each represent a hydrogen atom, a halogen atom, a hydrocarbon 
group having from 1 to 20 carbon atoms which may contain halogen atom, an OR group, an SR group, an OCOR 
group, an S0 2 R group, an OS0 2 R group, or an NRR* group, in which R and R' are as defined above; 

R27 and R28 may be the same or different and each represent a hydrogen atom, a hydrocarbon group having 
from 1 to 20 carbon atoms, an OR group, or an SR group, in which R is as defined above, R 27 and R 28 may be 
connected to each other to form a ring; 

R29 represents a hydrocarbon group having from 1 to 5 carbon atoms which may contain a silicon atom; 

R» and R3* may be the same or different and each represent a hydrogen atom or a hydrocarbon group 
having from 1 to 20 carbon atoms which may contain a silicon atom; 

R29 and R31 may be connected to each other via a carbon atom to form a ring; 

Y3 represents a carbon atom, a silicon atom, or a germanium atom; and 

n represents an integer of from 1 to 3. 

11. A process for producing a polyolef in as claimed in Claim 1 0, wherein said catalyst further comprises (D) a particulate 

carrier. 
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FIG. 1 
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FIG. 2 
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FIG. 3 




46 



EP 0 707 016 A1 



FIG. 4 
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